OBJECTIVE: Assessment of determinants for relatively successful weight maintenance in women after diet-induced weight reduction. DESIGN: Subjects followed two weight cycles over two years, each cycle starting with a Very Low Energy Diet (VLED) (2.8 MJad), in a free-living situation. They completed the Herman Polivy Restraint Questionnaire and the Three Factor Eating Questionnaire twice, that is, before and during the ®rst VLED. SUBJECTS: Twenty seven obese women, body mass index (BMI) (28±38 kgam 2 ), age (19±53 y), being premenopausal and healthy, participated twice in the energy restriction periods with one year follow-up. MEASUREMENTS: Weight and body composition were measured at weeks 0, 8, 60, 68 and 120 after the start of the ®rst VLED. Scores on the restraint scales before and during the ®rst VLED were analysed. Percentages regain after one year and after two years follow-up were related to these scores. RESULTS: Three groups appeared with respect to success regarding weight maintenance. Group 1 (successful): twice a regain`50% of weight loss; group 2 (partly successful): once a regain`50% of weight loss and group 3 (unsuccessful): twice a regain of b 50% of weight loss. Percentage regain was negatively correlated to an increase in cognitive restrained eating behaviour (r 0.8; P 0.0001). A change in attitude with respect to food intake, expressed as an increase in cognitive restraint, and as a positive relationship between cognitive restraint and disinhibition was related to successful weight maintenance. CONCLUSION: An increase in cognitive restraint from before, to during, the diet, and a positive correlation between cognitive restraint and disinhibition, are two determinants representing eating behaviour for successful weight maintenance.
Introduction
The prevalence of overweight and obesity is not only increasing in the US, 1 but also in Western Europe. 2 Since severe obesity and even mild to moderate overweight are associated with increased risk of coronary heart disease, hypertension, dyslipidaemia and noninsulin-dependent diabetes mellitus (NIDDM), 3±6 prevalence ®gures for overweight and obesity are alarming. Voluntary weight loss efforts have been shown not to be effective for treatment of obesity in the long term 7±9 and many obese people have a long history of dieting often with successful weight losses, but also disappointing relapses. Accurate information on prevalence and magnitude of weight¯uctuations is currently unknown, but estimates indicate that one out of three obese adults and 53% of overweight adults in the US are trying to lose weight. 9 A pattern of repeated weight loss and regain, or weight cycling, may lead to metabolic adaptations that hamper subsequent efforts of weight loss and maintenance of reduced weight. 10, 11 Moreover, variability in body weight may increase the risk of overall and cardiovascular mortality, as is indicated by epidemiological studies, 12±14 but the scienti®c debate about potential metabolic and health effects of weight cycling has not yet ended.
15±18
Since weight cycling seems to affect metabolic factors, 19±25 it might be possible to predict successful dieting or weight cycling from possible changes in metabolic factors, such as variables re¯ecting aerobic ®tness, energy expenditure, sympathetic nervous system activity, lipolysis, insulin sensitivity and fat oxidation. Several of these variables appeared to be predictive for fat loss during a Very Low Energy Diet (VLED), 26, 27 but until now, they were not useful with respect to prediction of weight cycling or weight maintenance.
Apart from these metabolic factors, eating behaviour might be one of the determinants to predict prevention or promotion of weight gain after a weight reduction programme. Eating behaviour with respect to dieting can be characterized using questionnaires, like the Herman-Polivy 28 restrained eating questionnaire, and the Three Factor Eating Questionnaire (TFEQ) by Stunkard and Messick. 29, 30 Differences between these methods to measure dietary restraint are as much conceptual as psychometric.
The Herman-Polivy restraint scale measures the extent to which people display concern with their weight and diet chronically to control it. 31 In the Herman-Polivy restraint construct, disinhibition of restraint is measured implicitly. Relatively high scores on the Herman-Polivy restraint questionnaire are observed in the obese, and these scores correlate positively with body mass index (BMI). 30 The ®rst question in this questionnaire:`How often are you dieting?' and the following questions specifying the ®rst question, imply a relationship with failure of weight maintenance. The obese restrained eaters restrict their food intake because of being weight conscious, 30 but without much success. 28, 32, 33 The TFEQ does not appear to measure the same behavioural tendencies as the Herman-Polivy restraint scale, but discriminates between successful energy intake restriction and disinhibition of restraint. In the TFEQ, pure restraint without disinhibition is measured as cognitive restraint. Disinhibition is measured separately. In the obese, the factors of cognitive restraint and disinhibition of the TFEQ are relatively high and correlated negatively, which indicates that they alternate restrained and disinhibited eating behaviour and consequently are vulnerable to weight cycling. 34 Normal weight restrained eaters are successful in keeping their weight at a certain level for a relatively long time, by maintaining a low energy intake in relation to a relatively low energy expenditure. 35 Their relatively low scores on the Herman-Polivy restraint scale indicate that they are relatively less weight concerned 30, 32 and their relatively high scores on the cognitive restraint factor (TFEQ), 29 re¯ect that they are mainly food concerned. Their cognitive restraint scores and H-P scores do not show mutual correlations nor any correlations with BMI. 30 In these subjects, cognitive restraint and disinhibition scores of the TFEQ are correlated positively, indicating that they perform restrained eating behaviour and disinhibition of restraint at the same time, 34 and thus are morē exible than the overweight dietary restrained subjects. Thus, the Herman-Polivy restraint scale is designed to identify dieters, whereas the TFEQ is designed to measure successful dieting. 32 From the observation that food consciousness seems a successful strategy in the normal weight dietary restraint women, we hypothesized that cognitive dietary restraint promotes success in the obese when they start dieting. In order to test this hypothesis we offered both questionnaires (Herman-Polivy restraint and the TFEQ) twice to 27 women who represented a sub-sample, taken at random, of 42 obese women who participated in a weight cycling project. 26, 36 This weight cycling project consisted of two cycles over 120 weeks. Every cycle started with a VLED of on average 2.8 MJ solidus d.
Methods

Subjects
In total, 57 obese women were recruited by advertisements in local newspapers. Selection criteria were BMI (28±38 kgam 2 ), age (19±53 y), being premenopausal and apparently healthy as evaluated by a medical history and physical examination. They did not use any type of medication, and none of them reported to have been on an energy restricted diet in the 6 months prior to the study. Written informed consent was given, and the study was approved by the Medical Ethical Comittee of the University. They participated in an energy restriction period with one year follow-up; 42 of the 57 subjects were willing to participate in a second energy restriction period; 27 of them took part in the second year follow-up. Subjects dropped out for several reasons, for example pregnancy, medical surgery, removal to another place or not having enough time any more. Table 1 gives the characteristics of the 27 subjects who ful®lled two complete cycles, and of the 30 subjects who dropped out.
Procedure
The study lasted 120 weeks and consisted of a controlled dietary weight loss intervention of eight weeks, a non-controlled follow-up of 52 weeks, a second dietary weight loss intervention of eight weeks and a second non-controlled follow-up of 52 weeks.
The subjects (n 27) twice followed an energy restriction programme for eight weeks, which was divided into two parts. The ®rst period of four weeks consisted of a low-energy formula diet (Modifast, Sandoz Nutrition, Bern, Switzerland) containing 2.0 MJad. It provided 50 g carbohydrates, 52 g protein, 7 g fat and a micronutrient content which meets the Dutch recommended daily allowance. In the second four weeks, subjects were prescribed a mixed diet of 3.5 MJad, containing 1.4 MJ of the formula diet supplemented to 3.5 MJ by a free choice from different food items. During the whole eight-week energy restriction period, subjects had to record their daily food intake. Beforehand they were instructed on how to complete a food intake diary. Subjects were also asked to keep their daily activity pattern. During the energy restriction period the subjects came to the There are no signi®cant differences between the two groups.
Determinants of weight maintenance MS Westerterp±Plantenga et al laboratory once a week to have their weight measured and food records checked. Body weight and body composition were measured before the start of the study (Table 1) , at week 8 (immediately after the energy restriction period), at week 60 (one year after the energy restriction period), at week 68 (immediately after the second energy restriction period) and at week 120 (one year after the second energy restriction period). The subjects completed a Dutch translation of the Herman-Polivy restraint questionnaire and of the TFEQ, before (Table  1) and at the end of the ®rst energy restriction period.
No directives regarding diet or physical activity were given for both follow-up periods.
Data analysis
The data with respect to measurements of body weight, body size and body composition were averaged over the subjects. The data of week 8 compared to week 0, and week 68 compared to week 60 were analyzed in order to evaluate dieting effects. The data of week 60 and week 120 were compared to those of week 0, to analyze weight cycling effects.
Because body weight loss during the ®rst energy restricted diet was almost the same for each individual (on average 10 AE 0.4 kg), with a relatively small standard deviation and a range of 8±12 kg, calculating the percentage regain as follows: weight regaina weight loss 6 100%, gives comparable values with a similar meaning. Thus three groups appeared, (1) subjects showing`50% weight regain during both follow-up times, or (2) b 50% weight regain both times or (3)`50% during one follow-up and b 50% weight regain at the other follow-up. The subjects completed the Herman-Polivy restraint questionnaire and the TFEQ before and at the end of the ®rst energy restriction period. The scores and the possible changes in scores on the two questionnaires of these three groups were compared using factorial ANOVA. Possible relationships between the scores for factors of cognitive restraint and disinhibition of the TFEQ, were assessed by a regression analysis. The possible relationship between change in scores on the two questionnaires from the ®rst to the second time and percentage weight regain, was also assessed using a regression analysis.
Results
The effect of dieting appears clearly from the comparison of the average body weight, fat distribution and body composition parameters between week 8 and week 0, respectively and between week 68 and week 60 ( Table 2) . Body fat percentage, fat mass, fat-free mass, and sagittal diameter decreased in response to the two diets. At the end of both follow-up periods, fat-free mass was no longer statistically signi®cant different from values at week 0.Weight loss during the ®rst energy restricted diet was 10.7 AE 0.4 kg, range 8±12 kg 36 and during the second 6.3 AE 0.6 kg, (both times P`0.001). The effect of weight cycling appeared as a weight regain of 6.0 AE 1.2 kg the ®rst time, and 6.2 AE 0.9 kg the second time. Consequently, the mean value of body weight was signi®cantly lower at week 120 compared to week 0 (81.8 AE 2.4 vs 85.9 AE 1.8 kg, respectively, P 0.001). Table 3 shows that seven subjects had a percentage weight regain of`50% twice, eight had a percentage weight regain of b 50% once, and`50% once, and 12 had a percentage weight regain of b 50%, on both occasions.
The scores on the Herman-Polivy questionnaire and on the TFEQ (Table 4) , reveal no differences between the three groups. In the three groups, cognitive restraint scores were relatively high, being the lowest in the successful group (cf. 34 ). Also, disinhibition scores were high in the three groups (cf. 34 ). Changes in cognitive restraint scores (Table  4) were signi®cantly different between the three groups [F(2.26) 140.7; P`0.0001].
In the so-called successful group, the cognitive restraint score increased signi®cantly from before to during the VLED P`0.01). There was a negative relationship between the change in cognitive restraint and the average percentage regain of two periods, over the whole group (r 0.8; P 0.0001), over the successful group (r 0.9; P 0.002), over the partly Table 2 Body weight, body composition and body size variables of 27 obese females at week 0, 8 (after ®rst VLED), 60 (after ®rst follow-up), 68 (after second VLED), 120 (after second follow-up) of the study Determinants of weight maintenance MS Westerterp±Plantenga et al successful group (r 0.7; P 0.02), but not in the unsuccessful group (r 0.3; P 0.49). In the successful group, cognitive restraint and disinhibition scores before the diet were positively correlated (r 0.87; P 0.0048), as well as during the diet (r 0.82; P 0.013). In the partly successful group, cognitive restraint and disinhibition scores were not correlated (P 0.21), and in the unsuccessful group, cognitive restraint and disinhibition scores were negatively correlated before the diet (r 0.75; P 0.032), and not correlated during the diet. Also in the drop-out group, cognitive restraint and disinhibition scores were negatively correlated (r 0.68; P 0.041).
Discussion
From the lack of a positive correlation between cognitive dietary restraint and success of dieting, we may conclude that it remains impossible to predict failure or success of dieting from scores on the cognitive restraint factor before a diet starts. So our hypothesis, that highly cognitively restrained eaters would be successful dieters, was not con®rmed by these observations. Apparently cognitive dietary restraint has a different effect on obese women, compared to normal weight women. During the VLED, the average scores on the cognitive restraint factor did not change in the unsuccessful group, indicating that the subjects hardly showed a change in attitude towards eating. Their disinhibition scores and cognitive restraint scores were correlated negatively, as we found before, 30 indicating alternating periods of restraint with periods of relapse, or there were no correlations between cognitive restraint and disinhibition. Also, the drop-outs showed a negative correlation between their original cognitive restraint and disinhibition scores, which values were both relatively high. This indicates, that although the subjects dropped out for various reasons that had nothing to do with this study, for example, pregnancy, medical surgery, removal to an other place, or not having enough time any more, they were likely to be partly successful or unsuccessful. The initial body weight of the partly successful group, the unsuccessful group and of the drop-outs was slightly, but notsigni®cantly higher than that of the successful group, but the BMI's did not differ signi®cantly. Moreover, the subject characteristics of the 27 subjects who ful®lled two complete cycles, and of the 30 subjects who dropped out, did not differ. A behavioural change with respect to dietary restraint, observed as an increase in the average score on cognitive restraint, during the VLED, was shown mainly in the group that was successful, with respect to weight regain, and less strongly present in the partly successful group. The increase in cognitive restraint score was negatively correlated with percentage weight regain. This change in cognitive dietary restraint was related to weight maintenance to a certain extent, that is twice, or once a regain of 50% of body weight. Here, we should notice that the scores on cognitive restraint, were not extremely high before the VLED, so it was possible for these subjects to still increase cognitive dietary restraint. Also, their disinhibition scores were relatively low, and they were positively correlated with their cognitive restraint scores, indicating that they allowed disinhibition of restraint occasionally. Table 3 Results with respect to body weight loss and body weight regain (n 27) for the three groups: successful (n 7, twice à 50% regain); partly successful (n 8, once a`50% regain; once a b 50% regain); unsuccessful (n 12, twice a b 50% regain In this respect, Westenhoefer and co-workers, 37, 38 report that rigid control of eating behaviour is associated with increased disinhibition or susceptibility scores and with high cognitive restraint scores. This might coincide with the differences between the successful and unsuccessful group. Our successful group also seems to be more¯exible with respect to eating behaviour, but we expressed this¯exibility by an increase in cognitive restraint, related, within the group, positively to disinhibition. Our unsuccessful group showed a more rigid control of eating behaviour, by relatively high, but unchanged, values of cognitive restraint, related, within the group, negatively to disinhibition. The Herman-Polivy questionnaire does not operate as a determinant of successful weight maintenance. Since the ®rst and representative question of the Herman-Polivy questionnaire is`How often are you dieting?' and since other questions deal with weight uctuations in the past, it is clear that the HermanPolivy restraint questionnaire identi®es a dieting person, irrespective of the actual situation or behaviour.
From this study we may conclude, although the number of subjects that participated in this substudy of the weight cycling project was relatively small, that an increase in cognitive restraint, from before to during the diet, is one of the determinants of weight maintenance in subjects who do not drop out half way. Secondly, a positive correlation between cognitive restraint and disinhibition contributes to a more¯ex-ible attitude towards food consumption, which also turns out to be relatively more successful. From this observation during a dieting period, prediction of weight maintenance thereafter seems to be possible.
